ABSTRACT Background: Despite the rising consumption of coffee worldwide, few prospective cohort studies assessed the association of coffee intake with mortality including total and major causes of death. Objective: We aimed to investigate the association between habitual coffee drinking and mortality from all causes, cancer, heart disease, cerebrovascular disease, respiratory disease, injuries, and other causes of death in a large-scale, population-based cohort study in Japan. Design: We studied 90,914 Japanese persons aged between 40 and 69 y without a history of cancer, cerebrovascular disease, or ischemic heart disease at the time of the baseline study. Subjects were followed up for an average of 18.7 y, during which 12,874 total deaths were reported. The association between coffee intake and risk of total and cause-specific mortality was assessed by using a Cox proportional hazards regression model with adjustment for potential confounders. Results: We showed an inverse association between coffee intake and total mortality in both men and women. HRs (95% CIs) for total death in subjects who consumed coffee compared with those who never drank coffee were 0.91 (0.86-0.95) for ,1 cup/d, 0.85 (0.81-0.90) for 1-2 cups/d, 0.76 (0.70-0.83) for 3-4 cups/d, and 0.85 (0.75-0.98) for .5 cups/d (P-trend , 0.001). Coffee was inversely associated with mortality from heart disease, cerebrovascular disease, and respiratory disease. Conclusion: With this prospective study, we suggest that the habitual intake of coffee is associated with lower risk of total mortality and 3 leading causes of death in Japan.
INTRODUCTION
The consumption of coffee has been rising rapidly in the past decades worldwide, growing at a rate of 1.3%/y since 1998 (1). In Japan, ;47% of adults drink coffee every day (2) . Coffee contains many bioactive compounds, and the beneficial effects of caffeine and chlorogenic acid have been widely discussed (3) . Such a popularly consumed beverage may provide large impacts if consumed regularly over the life course.
Epidemiologic studies suggested that coffee is inversely associated with total mortality in a recent meta-analysis that covered 20 cohort studies (4) . However, on the major causes of death, most of the previous studies reported associations between coffee and mortality from cardiovascular disease or cancer; for instance, there have been conflicting results about coffee intake and cardiovascular disease mortality (5-7) but no association with total cancer mortality (7) (8) (9) (10) . To our knowledge, only one prospective study in the United States analyzed associations of coffee with deaths from respiratory disease, stroke, and injuries (7) . It follows that no prospective cohort studies in Asia assessed the health effects of coffee on 5 leading causes of death, including cancer, heart disease, cerebrovascular disease, respiratory disease, and total injury, although these causes of death account for ;72% of total mortality events in Japan (11) . In the current study, we aimed to investigate the health effects of coffee on total and 5 leading causes of deaths in a large-scale cohort study of a Japanese population. An assessment of the potential benefits of coffee may suggest effective health-promotion strategies in light of the growing coffee consumption in Japan and worldwide.
METHODS

Study population
Details of Japan Public Health Center-based prospective Study have been described elsewhere (12) (13) (14) . The baseline study started in 1990 for cohort I and in 1993 for cohort II with a total of 140,420 participants (68,722 men and 71,698 women) in 11 public health center areas. The study identified subjects aged between 40 and 59 y in cohort I and those aged between 40 and 69 y in cohort II. Participants with a non-Japanese nationality (n = 51), incorrect birth date (n = 7), and duplicate registration (n = 4) or precommencement emigration (n = 206) were excluded. We also excluded the late report of migration that occurred before the start of the follow-up period (n = 6371), which left 133,758 individuals eligible for participation. A total of 113,323 eligible participants (53,314 men and 60,009 women) returned the completed questionnaire on demographics, height and weight, smoking, alcohol intake, physical exercise, and dietary habits. We excluded subjects with a self-reported, past history of cancer, stroke, or myocardial infarction (n = 4164). Subjects with missing information on intakes of coffee, green tea, Chinese tea, black tea, soda and juice, energy, fruit, vegetables, meat, fish, dairy products, rice, and miso soup; job status at baseline; smoking status; alcohol consumption; history of diabetes or hypertension; and regular exercise were also excluded (n = 18,245), and a total of 90,914 participants were included in the analysis (42,836 men and 48,078 women). This study was approved by the Institutional Review Board at the National Cancer Center in Tokyo and The University of Tokyo, Japan.
Follow-up
Participants were followed from the baseline survey (1990) (1991) (1992) (1993) (1994) until the date of death or end date of follow-up (31 December 2011), whichever occurred first. Subjects who died or migrated to other areas were traced through the residential registry. Of subjects who returned the baseline questionnaires, 89 subjects (0.1%) emigrated outside of Japan, and 1052 subjects (0.9%) were lost to follow-up during the study period. Death certificates were used to confirm the cause of death with the permission of the Ministry of Health, Labor and Welfare (13) . The assessment of cause-specific mortality followed the International Classification of Diseases and Related Health Problems, 10th Revision (15) . We used the 5 leading causes of death in Japan (11), namely cancer (C00-C97); heart disease (I20-I52); cerebrovascular disease (I60-I69); respiratory disease (J10-J18 and J40-J47) that covers pneumonia, influenza, chronic obstructive pulmonary disease and associated conditions; injuries and accidents (V01-X59, X60-X84, X85-Y09, and Y85-Y86); as well as other remaining causes.
Assessment of exposure
The baseline questionnaire contained questions on the average frequency and quantity of coffee intake. Coffee intake was originally grouped into the following 6 categories: never, 1-2 and 3-4 times/wk, and 1-2, 3-4, and $5 cups/d. Classifications for the consumption of these beverages were consistent in the questionnaires used for cohorts I and II. We collapsed the occasional consumption of coffee (1-2 and 3-4 times/wk) into one category (,1 cup/d) because of a small number of participants in the class (18.2% for cohort I and 10.7% for cohort II). We used dietary records for 28 d (1-wk dietary records repeated at 3-mo intervals) -or 14 d to validate the questionnaire. Spearman rank correlation coefficients between the questionnaire and the dietary record were 0.59 for men and 0.51 for women in coffee consumption (16) .
Statistical analysis
Associations between coffee consumption and risk of total and cause-specific mortality were estimated from HRs and 95% CIs by using a Cox proportional hazards regression model. P-linear trend values were calculated by assigning scores for categories of beverage intake starting from 0 for the lowest consumption status of coffee to 4 for the highest, being used as a continuous variable. ) ; history of diabetes (no or yes); leisure-time sports or physical exercise (almost never, 1-3 times/mo, 1-2 times/wk, 3-4 times/wk, and almost daily), which was collapsed into 2 categories (less than almost daily and almost daily); the consumption of green tea, Chinese tea, black tea, and soda or juice with the exclusion of 100% fruit juice or vegetable juice (almost never, $1 cup/wk, and $1 cup/d); total energy intake per day (continuous); daily intakes of fruit, vegetables, meat, fish, and dairy products (continuous), which were log transformed and adjusted for total energy intake by using the residual model, rice (,3, 3-4, and .4 bowls/d), miso soup (not every day or every day); and job status at baseline (employed or unemployed). We conducted the same analysis after the exclusion of deaths that occurred within in 5 y after the baseline to avoid potential bias from undiagnosed illnesses. In addition, we conducted a secondary analysis by smoking status (current smokers and never smokers in men and never smokers in women) to assess the effect modification.
In addition, we created subgroups divided by age group (,50, 50 to ,60, and $60 y; cohort II only), educational level in participants in cohort I (completed junior high school, high school, and college or above), job status at baseline (unemployed or employed), history of diabetes (no or yes), and history of hypertension (no or yes) and examined associations between baseline subgroups and total mortality. For subgroup analyses, we merged ,1 and 1-2 cups/d as well as 3-4 and $5 cups/d to maintain the sufficient number of cases in each category. We computed P-interaction values by using likelihood-ratio tests for the comparison of Cox proportional hazards models with and without crossproduct terms for smoking status and each of the covariates in the subgroup analyses, with coffee as a continuous term. Shoenfeld residuals were used to test the proportional hazards assumption and shown to be nonsignificant. All analyses were conducted with STATA version 12.0 software (StataCorp LP). Table 1 presents baseline characteristics of participants by coffee-consumption status. Participants with higher coffee consumption were younger, smoked more, and reported a lower prevalence of hypertension and diabetes for both men and women. During the follow-up period (18.7 y on average; total person-years: 1,699,305), a total of 12,874 deaths were reported. ,0.001 All mean total intakes of food were energy adjusted. 3 Upper and lower energy intakes of 0.25% were excluded.
RESULTS
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Of these, 5327 deaths were reported because of cancer, 1577 deaths were reported because of heart disease, 1264 deaths were reported because of cerebrovascular disease, 783 deaths were reported because of respiratory disease, 992 deaths were reported because of injuries, and 2931 deaths were reported because of other causes. HRs with 95% CIs for the association of coffee intake and total and cause-specific mortality in the total population are presented in Table 2 .
We showed an inverse association between coffee intake and total mortality in total participants [almost never: reference; Cox proportional hazards models were used. Model 1 was adjusted for sex, age, and public health center area. 3 Model 2 was adjusted as for model 1 and for smoking status; alcohol consumption; BMI; history of hypertension; history of diabetes; leisure-time sports or physical exercise; intakes of green tea, Chinese tea, black tea, soda and juice, energy, fruit, vegetables, fish, meat, dairy products, rice, and miso soup; and job status. 4 Model 2 with the exclusion of deaths within 5 y. HR, 0.60 (95% CI: 0.41, 0.88); P-trend ,0.001]. In addition, even an occasional coffee intake was associated with reduced risk of deaths because of other causes, and the effects were consistent in total participants and in both men and women. The inverse associations did not change with additional adjustment of whether subjects added sugar in coffee (data not shown).
In a secondary analysis that compared current smokers and never smokers in men ( Table 3 ) and never smokers in women (Table 4) , an inverse association was shown between consumption of coffee and total mortality regardless of smoking status. In contrast, intake of coffee was associated with lower risk of death from respiratory disease in currently smoking men Cox proportional hazards models were used. Multivariate HRs (95% CIs) were adjusted for age; public health center area; alcohol consumption; BMI; history of hypertension; history of diabetes; leisure-time sports or physical exercise; intakes of green tea, Chinese tea, black tea, soda and juice, energy, fruit, vegetables, fish, meat, dairy products, rice, and miso soup; and job status.
but not never-smoking men. Table 5 shows associations between coffee intake and total mortality by subgroup. Consistent, inverse associations were observed between coffee consumption and total mortality across age groups. In contrast, subjects with a history of diabetes reported a null association in both men and women, and a null association was seen in participants with a history of hypertension.
DISCUSSION
Our findings in 90,914 Japanese men and women, aged between 40 and 69 y, indicate inverse associations between the consumption of coffee and total mortality. Coffee showed 24% of risk reduction in total mortality in subjects who consumed 3-4 cups/d compared with in never-drinkers. One study reported increased risk of total mortality in younger men and women aged ,55 y if they drank .4 cups coffee/d on average (5) . However, our analysis showed that men and women aged ,60 y reported consistently lower risk of total mortality, and other large-scale, prospective cohort studies also reported reduced risk of total mortality regardless of age (7) (8) (9) .
We showed that the consumption of coffee was inversely associated with mortality from heart disease and cerebrovascular disease, and earlier studies support the results (7, 9, 10) . Several explanations can be made from previous studies. First, coffee contains rich chlorogenic acid, which is a major phenolic compound in coffee and is known to attenuate the rate of glucose absorption (17, 18) and lower blood pressure (19) . Second, caffeine contained in coffee improves endothelial function by activating nitric oxide synthases (20) and promoting endothelial repair (21) , thereby improving endothelial function (22) . Third, coffee contains pyridinium, which exhibits antithrombotic effects (23) . Such benefits may contribute to modulate risk factors that lead to cerebrovascular and cardiovascular disease mortality.
This study also showed an inverse association between coffee consumption and mortality as a result of respiratory diseases. Lower risk of deaths from respiratory disease may be partly due to caffeine contained in coffee because it has been shown to function similar to bronchodilator and improve pulmonary function even at a low dosage (24) . In addition, chlorogenic acid in coffee was shown to reduce risk of mortality attributed to inflammatory diseases (25) . Although diterpenes in coffee were also reported to exhibit anti-inflammatory effects (26) , the majority are removed in the process of filtration.
Contrary to other major causes of deaths, coffee was marginally associated with lower cancer mortality in men with intake of 1-2 cups coffee/d. The majority of previous prospective studies showed a null association between coffee and total cancer mortality (27) . This result may be because the site-specific incidence and mortality of cancer exhibit varying associations. For instance, coffee intake was reported to reduce risks of liver cancer (16, 28, 29) , pancreatic cancer (30), colon cancer in women (4,) and endometrial cancer (31), whereas no association has been reported for other sites, including gastric cancer (32), breast cancer (33), or thyroid cancer (34) . The same null associations remained after the exclusion of deaths as a result of liver cancer and pancreatic cancer from the analysis (data not shown).
Our analysis suggested that the association between coffee intake and total mortality may have an optimal range that daily coffee intake #4 cups progressively exhibit protective effects in mortality but no additional decline at .5 cups/d. There could have been residual confounding by smoking because subjects Cox proportional hazards models were used. Multivariate HRs (95% CIs) were adjusted for age; public health center area; alcohol consumption; BMI; history of hypertension; history of diabetes; leisure-time sports or physical exercise; intakes of green tea, Chinese tea, black tea, soda and juice, energy, fruit, vegetables, fish, meat, dairy products, rice, and miso soup; and job status.
with intake of $5 cups coffee/d tend to smoke more than do those who never drink coffee (35) . However, our stratified analysis showed the same optimal limit in never-smoking men, currently smoking men, and never-smoking women, which suggested the robustness of associations. In addition, coffee did not show any associations in subjects with diabetes in both men and women. Similar to our findings, a large-scale, prospective cohort study in the United States reported a null association of coffee intake and risk of total mortality in women with diabetes (36) . In contrast, results from one study in Finland reported an inverse association of coffee drinking with risk of all-cause mortality in diabetic patients (37) . Additional research is required to confirm the effects of coffee consumption on mortality in diabetic patients by using large-scale prospective studies. In addition, confounding by higher education is a possibility because men who drank more coffee had a higher education. However, our subgroup analysis showed a consistent inverse association across education status.
This study had several limitations. First, coffee consumption was measured at the time of the baseline study, and there could have been a misclassification of habitual coffee intake in the long term. One implication from a misclassification was that the referent group (almost never) may have included ex-drinkers of coffee who quit in the past because of ongoing illnesses. For this Cox proportional hazards models were used. 2 Adjusted for age; public health center area; alcohol consumption; BMI; history of hypertension; history of diabetes; leisure-time sports or physical exercise; intakes of green tea, Chinese tea, black tea, soda and juice, energy, fruit, vegetables, fish, meat, dairy products, rice, and miso soup; and job status. 3 Multivariate adjusted without job status at baseline. 4 Multivariate adjusted without history of diabetes. 5 Multivariate adjusted without history of hypertension.
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reason, we excluded subjects with the past history of cancer, stroke, or myocardial infarction at the time of the baseline study. In addition, the inverse associations were consistent even after the exclusion of deaths that occurred #5 y of the baseline, which argued against the possibility of a bias from undiagnosed illnesses. Changes in coffee consumption during the follow-up period may have also incurred a misclassification because the consumption was measured at one time point. However, such misclassification may have only attenuated risk estimates in relation to mortality outcomes. Second, we did not have data on the preparation process of coffee although it has been reported that bioavailability of polyphenols may change with the brewing method and duration of extraction (38) . Similarly, we were unable to differentiate decaffeinated, canned, instant, or brewed coffee, which might have been associated with changes in the quantity of caffeine and other compounds per serving, although the consumption of decaffeinated coffee is rare in Japan. Third, we were unable to assess the independent effect of many compounds that may influence risk of mortality. Nonetheless, to our knowledge, this is the first study to assess the associations between coffee consumption and 5 major causes of death in a large, prospective cohort study in Japan with a high response rate (around 80%) and low loss to follow-up, and the possibility of a selection bias was minimal.
In conclusion, this prospective cohort study suggests that habitual intake of coffee may reduce risk of total mortality and deaths from heart disease, cerebrovascular disease, and respiratory disease. Additional studies are needed to confirm the benefits of individual substances in coffee and their effects on preventing premature mortality.
